Abstract: In this communication we start both from a trirectangular trihedral defined by the three coordinate planes and a fourth plane, called the chart or projection, which contains the vertex of the trihedral above. Later we define the main related views or trihedral views as those produced by the tilt of the three coordinate planes to the outside of their trihedral on the chart plane. For each projection plane there are some unique main related views, regardless of the projection direction. In turn, from the trihedral views we can obtain the axonometric perspective from which they come. These properties can simplify some graphic constructions of the axonometric system, for example, determine the projections of the axes from the main related views or determine the axonometric scales from the axes. It is considered that this new definition of related views allows a simplification as to the understanding of the representation systems and it is intended to be suitable for teaching purposes and programming.
Introduction


At present knowledge of the axonometric perspective is perfectly standardised and assumed, but this has not happened throughout history and it has taken many centuries to achieve the complete representation system formulation that concerns us [1] . Axonometric perspective is scientifically systematised since the mathematical intervention. In 1820 W. Farish in his work, Treatise on isometrical perspective, he presents a new method of projection that is in fact an isometric orthogonal axonometry [2] . In 1844 L. J. Weisbach in his work, Die monodimetrische und axonometrische. Projections methode provides the mathematical basis of orthogonal axonometric perspective [3] . In the document Orthogonale Axonometrie of 1905 R. Schüssler systematises the orthogonal axonometric perspective [4] . With this system of representation it was clearly defined from an operational point of view, with its most frequent use in scientific and technical fields [5] . At present, there is little research on the axonometric perspective. It has Corresponding author: Faustino N. Gimena, PhD, research fields: engineering and architecture projects, analysis of structures formed by 3D-curved beam element, hydrological models of rainfall-runoff. E-mail: faustino@unavarra.es.
been studied in depth perception [6] and the symbolic value [7] of this system of representation. It is also considered that the axonometric perspective helps describing the drawing plane and, usually, it is presented as a standard characteristic in CAD systems and other visual computation tools [8] . Descriptive geometry has been widespread using all the techniques of images of abstract objects and their relationships [9] . Research continues on the orthogonal and oblique axonometric [10] . In this paper we extend the knowledge of the axonometric perspective and we define Main Related Views as those produced by the tilt of the three coordinate planes to the outside of their trihedral on the main chart plane. We also get the axonometric perspective from these main related views. With this we intend to simplify some graphic constructions of the axonometric system in order to improve the transmission of its scientific content.
New Axonometric Constructions
Firstly orthogonal axonometric perspective fundamentals are presented to improve the graphic and constructive comprehension of the axonometric system, combining the graphic content with the analytic expression of the elements and new geometric 
Axonometric System Fundamentals
We start from a trirectangular trihedral shown in (Fig.  1) , called system trihedral or reference trihedral (O)(x)(y)(z), formed by the coordinated planes (x)(O)(y), (y)(O)(z) and (z)(O)(x).
The three lines or edges, defined by the coordinate planes intersect at a point called vertex noted in the following way:
(1) On each of the lines and from the vertex we carry a magnitude unit, which establishes in each of the lines (x), (y) and (z) the points (I), (J) and (K) respectively. This points´ coordinates are: The orthogonal projection direction p  on that plane is: , ,
Trying to achieve the analytical expression of the system elements we consider that the reference trihedral is immovable. The only one able to change its position is the main chart plane but always passing through the point of origin. If we project orthogonally the system trihedral on the main chart plane, we will achieve the axonometric perspective formed by the lines x, y and z, intersecting at the vertex O ≡ (O).
The points (I), (J) and (K) can be projected in a similar way, getting respectively points I, J and K.
These are the coordinates of those projected unitary points of the system trihedral: 
The magnitudes
called orthogonal axonometric scales. From the magnitudes above it is possible to conclude these relationships: 
Furthermore, from the figure it is concluded that: 2
Projections of the reference trihedral axes can take many different angles, leading to many types of orthogonal axonometric perspectives: isometric (3 equal angles), diametric (only 2 angles are the same) and trimetric (3 different angles). Fig. 1 shows the projection of the system trihedral on the main chart plane. Each intersection line c z , c x and c y is perpendicular both to (z), (x) and (y) and to their projections z, x and y respectively. This lines directions can be noted in this way:
Up to this point minimal elements underlying orthogonal axonometric system have been expressed. They are needed to understand the operations presented in this article. 
A Coordinate Plane Tilted Down on the Main Chart Plane
The steps to get the tilt of a coordinate plane on the main chart plane are shown in Fig. 2 . To do this, we draw a circle whose diameter passes through the points O and P z , under a straight angle.
The intersection between this circle and the line through point I that is perpendicular to hinge line c z (parallel to z) determines the tilted down point (I) z . If we draw the unit magnitude u from O on the tilted line (y) z , we will get point (J) z .
The line through this point and perpendicular to the hinge line c z determines point J on the y-axis. Distance OJ is the magnitude u y on the y-axis.
Trihedral Planes Tilt on the Main Chart Plane
In Fig. 3 we continue developing the above procedure to show the tilt of the coordinate planes that form the reference system trihedral on the main chart plane. It can be seen that each edge of the system trihedral folds twice on the main chart plane. This is because each edge is associated to two coordinate planes. It also can be seen that lines ( ) The six coordinates of the tilted unit points (I), (J) and (K) are:
In relation to plane (x)(O)(y) 
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In relation to plane (y)(O)(z) 
In relation to plane (z)(O)(x) 
Angles formed between the axonometric axis and the tilted axis are called and noted in the following way (Figs. 2-3 ):
x-axis: Although there are a lot more relationships between axonometric system elements, we have only presented the ones needed for the understanding of this paper.
Main Related Views
It is known that the axonometric system is to represent figures in a plane, using cylindrical projection, referred to three orthogonal axes, so that they retain their proportions in the three directions of space: height, width and length.
Therefore, axonometry is the transfer between dihedral or related views of a piece and the perspective projection of a piece. Below, a new concept of main related views is presented Fig. 4 shows the steps to get, on the tilt of one of the coordinate planes of the reference trihedral system, the true shape of a plane figure contained in that plane in the perspective.
Main Related Views of a Coordinate Plane
Taking point L whose projections on the x and y axes are respectively the aforementioned points I and J; points O, I, J and L form a unit square in the plane (x)(O)(y). Given the affine connection between the aforementioned plane figure and its tilt, getting tilted point (L) z is immediate taking hinge line c z as affinity axis, and the perpendicular direction to it as affinity direction. It should be noted that in that construction, in addition to origin O, points P z and Q z are double. Any other point in the plane in the perspective can be transported to the related view through these operations, and vice versa.
Trihedral Planes' Main Related Views
Following the method of previous section, it is possible to get the main related views associated to the three planes of the reference trihedral. The unit edge squares which form the orthogonal views of the aforementioned cube are presented in each of the three main related views.
Those views are guided on the main chart plane according to the established affinities from traces c z , c y and c z .
In the same way, any point of the orthogonal guided views as well as main related views, can be equally transported to the perspective. (its demonstration is elemental).
The intersection points between those lines are called U z , U y and U z .
As it is shown in Fig. 8 , four similar triangles have been formed
as their angles are the same.
From Fig. 9 it is deduced that O, I, J and K points are counterparts and they are associated to the four triangles aforementioned.
These four points form the axonometric perspective with its angles and scales. The perspective is represented by lines x, y and z that meet in vertex O. It is also possible to appreciate the similarity between Fig. 3 Trihedral system planes tilted on the main chart plane and Fig. 9 The axonometric construction from the main related views.
By making the correct operations on the Eq. (19) we can get angles and axonometric axes´ scales from positional values of the main related views x  , y  and z  . Table 1 shows angles formed between the axonometric axes from the arrangement of the quadrants of the reference trihedral planes titled down on the chart plane. Table 1 expresses the angles in centesimal degrees. From these angles it is possible to get other needed axonometric values in a graphical or mathematical way, following the methods described in the article. Table 1 Axonometric angles from the positional angles of the main related views. 
Conclusions
Steps to get the tilt of a coordinate plane from the reference trihedral system on the main chart plane have been presented. This method has also been applied with all the coordinate planes that form the trihedral. Main related views are defined as those produced by the tilts of the three coordinate planes, outward from its trihedral, on the main chart plane. From this we can conclude that the new building operations facilitate and simplify the understanding of the axonometric system fundamentals. It has been demonstrated in this paper that from the main related views it is possible to build the axonometry where they come from. Analytical expressions of axonometric system elements are simplified because we have considered the reference trihedral immovable and the main chart plane variable. We can see the mathematic elegance of the equation [19] . Angles between axonometric axes have been obtained in this equation from the disposition of the quadrants of the reference trihedral planes tilted down on the chart plane. We consider that this new definition of the main related views allows a simplification in the understanding of the representation systems and its use is intended to be suitable for the purpose of computer programming and education.
